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(54) Display for surround sound system 

(57) A surround sound display has a graphic sound 
stage image, including speakers representing sources 
and a central listener, and bent correlation meter scales 
for each stereo channel. The con-elation meter scales 
have values from +1 at one end to -1 at the other end 
and are bent to start from a central point along one side 
of the display between the speakers representing the 
stereo channels to a point along the opposing adjacent 
sides of the display outside the respective speakers. A 
marker, either in the fonn of individual pointers for each 
scale or as a fill area that spans the scales, indicates 
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the correlation between the stereo channels. The thick- 
ness of the fill area indteates the amplitudes of the stereo 
channels. Where a central sound source is part of the 
surround sound system, the marker may be in the fonn 
of truncated wedges, the wedge for the central sound 
source having a fixed width and the widths of the wedg- 
es for the stereo channels being variable so that the 
widths indicate the correlation between the stereo chan- 
nels. The heights of the wedges toward a central listener 
in the display indicate the amplitudes for each of the 
sound channels of the surround sound system. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The current Invention relates to displays of au- 
dio Information, and more particularly to a surround 
sound display for displaying certain cliaracteristics, 
such as amplitude and phase relationships, of multi- 
channel sound. 

[0002] Correlation between two signals is a measure 
of how much alike the two signals are, expressed math- 
ematlcalty. If both signals are identical except for ampli- 
tude scaling, the correlation is positive and unity. If the 
signals are completely unrelated, the correlation Is zero. 
A negative unity indicates that the signals are identical 
except for amplitude scaling, but of opposite polarity. 
Therefore the correlation between two signals may have 
any value between +1 and -1 . 

[0003] There have been attempts to give a visual In- 
dication of multi-channel sound characteristics. The 
Master Stereo Display MSD-600 with a CDR-1616 Dig- 
ital Audio Matrix provides separate graphic and bar 
graph displays of multi-channel sound. Also the Leader 
5836A Surround Audio Monitor displays a sound image 
of multi-channel sound for 3-1/3-2 types of surround au- 
dio systems. The MSD multichannel "jellyfish" display 
has no phase information, just relative amplitude be- 
tween channels. The Leader multi-channel Lissajous- 
like display is useful, but very difficult to interpret — it 
does not give an easy to understand representation of 
the sound field. 

[0004] What is desired is a surround sound display 
that gives a user a quick visual representation of a sur- 
round sound audio program in a single display for both 
amplitude and phase elements. 

BRIEF SUMMARY OF THE INVENTION 

[0005] Accordingly the present invention provides a 
surround sound display that gives a user a quick simple 
display of the phase and amplitude characteristics of a 
surround sound system. The display Includes a sound 
stage image, using speaker images or symbols at ap- 
propriate locations on the display and a listener image 
in the center of the display. For each channel of a stereo 
pair a bent correlation meter scale, either visible or in- 
visible, is used with a +1 correlation at one end of the 
scale situated at the center, a zero correlation in the mid- 
dle of the scale at the comer, and a -1 correlation at the 
other end of the scale situated around the comer at ap- 
proximately ninety degrees with respect to the listener 
image. Corresponding markers for the bent correlation 
meter scales are used to represent the amount of cor- 
relation between the channels of the stereo pair, the dis- 
tance or "width" between the markers representing the 
correlation between the stereo channels. Brightness or 
color may be used as an indication of amplitude of each 
channel of the surround sound system, or wedges that 



extend toward the listener Image may be used where 
the "height" of the wedges represents amplitude and the 
angular •^width" represents phase. 
[0006] The objects, advantages and other novel fea- 
5 tures of the present invention are apparent from the fol- 
lowing detailed description when read In conjunction 
with the appended claims and attached drawing. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
10 THE DRAWING 

[0007] Fig. 1 is a graphic view display for a simple 
stereo system according to the present invention. 
[0008] Figs. 2A, 2B and 2C represent an alternative 
15 graphic view display for different correlation values for 
the simple stereo system according to the present in- 
vention. 

[0009] Fig. 3 is a graphic view display for the simple 
stereo system using an annular ring pattern according 
20 to the present invention. 

[0010] Fig. 4 is a graphic view display for the simple 
stereo system using a ring angle pattern according to 
the present invention. 

[0011] Fig. 5 is a graphic view display for the simple 
25 stereo system using a pie slice pattern according to the 
present invention. 

[0012] Fig. 6 is a graphic view display for the simple 
stereo system using a rectangular pattern according to 
the present invention. 
30 [0013] Fig. 7 is a graphic view display for a five chan- 
nel surround sound system according to the present in- 
vention. 

[0014] Fig. 8 is an alternative graphic view display for 
the five channel surround sound system according to 
3s the present invention. 

[0015] Fig. 9 is a further altemative graphic view dis- 
play for the five channel surround sound system accord- 
ing to the present invention. 

40 DETAILED DESCRIPTION OF THE INVENTION 

[0016] Referring now to Fig. 1 a two-channel stereo 
system display is shown with Left and Right channels 
only. A "bent" correlation meter scale 12L, 12R is asso- 

45 elated with each channel in front of a speaker image 
10L, 10R for each channel at the upper comers of the 
display. Image "width" as represented by the distance 
between a pair of pointers 14L, 14R, one for each cor- 
relation meter scale, is related to phase correlation be- 

50 tween the channels. Fully correlated L and R channels 
produce a point image in the center of the "sound stage" 
represented by the speaker images 10L, 10R, some- 
times called a phantom center. As L and R correlation 
decreases, the distance between the markers 14L, 14R 

S5 widens until at zero correlation the pattern is as wide as 
the space between the speaker images. As correlation 
goes negative, the pattern or distance between the 
pointers 14L, 14R extends outward around the "bend" 
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beyond the speaker images 10L, 10R. 
[0017] Instead of the bent correlation meter scales 
12L, 12R, the space between the pointers 14L, 14R may 
be filled in with bright or colored areas, as indicated in 
Figs. 2A, 2B and 2C for correlation values of 0.5, 0 and 
-1 . Also the pattem may be filled or shaped differently 
as shown in Figs. 3-6 representing respectively (a) an 
annular ring pattern 18 for a correlation value of -1 , (b) 
a ring angle pattern 20 proportional to correlation for a 
correlation value of -0.5, (c) a pie slice pattern 22 for a 
correlation value of +0.3, and (d) a rectangular ring pat- 
tern 24 for a correlation value of -1 . 
[001 8] In addition to phase correlation the pattern may 
Indicate intensity or level as well either by means of 
brightness or color of "wedges" 26L, 26R, 26C, 26LS, 
26RS associated with each channel, or by turning the 
wedges into amplitude meters deflecting inward toward 
a "listener" 28 represented by a head image at the cent- 
er of the display, as shown in Fig. 7 for a 5-channel sys- 
tem. The C (Center) channel wedge 26C is fixed in lo- 
cation and width. Amplitude A is indicated by change in 
height toward the listener 28 in the center. The inner 
sides of the L and R wedges 26L, 26R are fixed, but the 
outer sides move along an invisible or visible phase cor- 
relation meter scale 12L, 12R to indicate con-elation 
from +1 to -1 as shown. The amplitudes of the L and R 
signals are indicated by the heights of the wedges mov- 
ing towards the listener. The wedges are essentially lev- 
el bars whose width depends on phase correlation be- 
tween the signals and whose height depends on the am- 
plitudes of the individual signals. The same scheme is 
used for the Left Surround and Right Surround channels 
at the bottom of the display. 

[0019] A variation of this scheme Is shown in Fig. 8 
where the zero correlation condition is indicated by 
wedges 26L, 26R centered on left and right 45** axes. 
When correlation is positive, the wedges widen along 
the correlation meter scales 12L, 12R towards the cent- 
er wedge 28C while the opposite edge remains fixed. 
When correlation Is negative, the edge away from the 
center wedge moves outward, widening the wedges to- 
ward the 90** axes while the edge toward the center re- 
mains fixed. In all cases the amplitude is Indicated by 
the height of the wedge toward the listener. The same 
scheme is used for the Surround channels at the bottom 
of the display. 

[0020] Another variation of this display, shown in Fig. 
9. eliminates phase Information altogether, showing on- 
ly the amplitude relationships between channels. This 
pattem keeps the wedges at a fixed width, and the am- 
plitude of each channel is shown by expanding the 
wedge height toward the listener at the center. This is 
essentially a circular bar graph. Optionally a wedge 
26CS for a "Low Frequency Enhancement" sixth chan- 
nel, for 5.1 channel sound, may be added at the center 
rear between the Surround channel wedges 26LS, 
26RS. 

[0021] These displays shown In Figs. 1 -9 give a user 



a quick visual representation of a surround sound audio 
program. The displays of Figs. 7 and 8 offer in a single 
display both amplitude and phase elements critical to 
proper system monitoring. Phase reversals, radical un- 
5 balance or missing channels are Immediately evident. 
Properly interpreted these displays also provide a visual 
Image of the sound field. Such displays supplement, but 
do not replace, conventional bar graphs and Lissajous 
patterns that are still needed for detailed analysis or ac- 
10 curate meas u rem ents . 

[0022] The data for the display Is obtained by digitiz- 
ing the audio from each channel, performing a correla- 
tion function between the audio channels of a stereo pair 
to obtain a correlation value, converting the correlation 
'5 values to a graphic display according to the desired dis- 
play function from among Figs. 1-9, adding the graphic 
images to the graphic display, and periodically display- 
ing the graphic display on a suitable display device. The 
graphic display may be updated sixty times a second to 
20 provide an instantaneous display of the surround sound 
audio program. Peak values may be displayed as well, 
such as by using an arc segment at the inner ends of 
the wedges. The display is created from the amplitude 
of each channel, which is straightforward, and the com- 
25 puted correlation between the L & R and LS & RS chan- 
nels. One correlation computation that may be used is 
the same as that used in the 764 Digital Audio Monitor 
manufactured by Tektronix, Inc. of Beaverton, Oregon 
as described in the accompanying User Manual. The 
30 amplitude data is processed in the same way as for a 
level meter, i.e., metering ballistics are applied. The cor- 
relation data also may be smoothed. 
[0023] The present invention may be extended to any 
number of systems having different channels, such as 
35 the common 3/1 system (three front channels L, C, R 
and one surround channel S) simply by fixing the width 
of the rear wedges and using them both to represent the 
S channel. They might even be joined to become one 
wide wedge. The extensions may be from simple stereo 
40 systems to 7.1 channel systems. 

[0024] Thus the present invention provides on a sin- 
gle display a representation of a surround sound field 
showing amplitude information for each channel and 
phase correlation between channel pairs by presenting 
a "sound stage" with speaker images and a listener, pro- 
viding a correlation meter scale, either visible or invisi- 
ble, for each channel of stereo channels, and providing 
markers that have an amplitude toward the listener rep- 
resentative of amplitude and a width representative of 
50 correlation or phase. 



Claims 

1 . A surround sound display comprising: 
a sound stage image; 

a congelation meter scale for each stereo chan- 
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nel of the sound stage image; and 
markers related to the correlation meter scales 
that represent the correlation between the ster- 
eo channels. 

2. The display as recited In claim 1 wherein the sound 
stage Image comprises speaker images positioned 
at appropriate positions of the display to represent 
sound sources. 

3. The display as recited in claims 1 or 2 wherein the 
sound stage image comprises a listener image po- 
sitioned in the center of the display. 

4. The display as recited in claim 1 wherein the con-e- 
lation meter scale comprises a bent scale for each 
stereo channel representing correlation values be- 
tween -f 1 and -1 at opposing ends of the bent scale. 

5. The display as recited in claim 4 wherein the bent 
scale has the +1 end centrally located along a first 
side of the display, the -1 end centrally located along 
a second side of the display, the second side being 
orthogonal to the first side, and a central portion rep- 
resenting a correlation value of 0 adjacent a corner 
between the first and second sides. 

6. The display as recited in claim 4 wherein a second 
bent scale representing a related stereo channel 
has the +1 end centrally located along the first side 
of the display adjacent the first bent scale, the -1 
end centrally located along a third side of the display 
opposite the second side, and a central portion rep- 
resenting a correlation value of 0 adjacent a corner 
between the first and third sides. 

7. The display as recited In claim 1 wherein the mark- 
ers comprise a pointer for each stereo channel, the 
location of the pointer along the correlation meter 
scale indicating the correlation between the stereo 

channels. 

8. The display as recited in claim 7 wherein the mark- 
ers comprise a fill area spanning the correlation me- 
ter scales for the stereo channels, the width of the 
fill area indicating the correlation between the ster- 
eo channels. 



adjacent respective comers between the first and 
each adjacent side. 

1 1 . The display as recited in claim 1 0 wherein the mark- 
5 ers comprise a fill area that spans the correlation 
meter scales and has a width and a thickness, the 
width Indicating the correlation between the stereo 
channels. 

10 12. The display as recited in claim 11 wherein the fill 
area has two contiguous portions, a first portion 
overiaying one of the correlation meter scales and 
a second portion overlaying the other one of the cor- 
relation meter scales, the thickness of the portions 

IS Indicating the amplitude of the related stereo chan- 
nels. 

13. The display as recited in claim 1 wherein the mark- 
ers comprise a plurality of truncated wedges, at 

20 least one of the truncated wedges having a fixed 
width representing a central audio source and the 
other truncated wedges representing the stereo 
channels with a variable width, the variable width 
indicating the correlation between the stereo chan- 
ts nels. 

14. The display as recited in claim 1 3 wherein the trun- 
cated wedges representing the stereo channels 
have a first radial edge fixed at a +1 value for the 

30 stereo channels and a second radial edge variable 
between the +1 value and a -1 value to alter the 
variable width of the truncated wedges to indicate 
the correlation between the stereo channels. 

35 15. The display as recited in claim 1 3 wherein the trun- 
cated wedges for the stereo channels have a mini- 
mum width centered at a specified angle represent- 
ing a 0 value of the conrelation meter scales, and a 
first radial edge is fixed when the correlation is neg- 

40 ative while a second radial edge varies to change 
the variable width of the tmncated wedge and the 
second radial edge is fixed when the correlation Is 
positive while the first radial edge varies to change 
the variable width of the truncated wedge. 

45 



9. The display as recited in claim 8 wherein the thick- 
ness of the fill area indicates the amplitude of the 50 
stereo channels. 



10. The display as recited in claim 1 wherein the conge- 
lation meter scales for the stereo channels com- 
prise bent scales each having a +1 value adjacent S5 
the other centrally along a first side of the display, 
respective -1 values centrally along opposing adja- 
cent sides orthogonal to the first side, and 0 values 
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(54) Display for surround sound system 



(57) A surround sound display has a graphic sound 
stage image, including speakers representing sources 
and a central listener, and bent correlation meter scales 
for each stereo channel. The con-elation meter scales 
have values from +1 at one end to -1 at the other end 
and are bent to start from a central point along one side 
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of the display between the speakers representing the 
stereo channels to a point along the opposing adjacent 
sides of the display outside the respective speakers. A 
marker, either in the fonn of individual pointers for each 
scale or as a fill area that spans the scales, indicates 
the congelation between the stereo channels. 
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